4
Version 6.0; MIDI database MOORE6), and respiratory quinones were analyzed using HPLC [10] . The 56 presence of desulfoviridin was tested by using fluorescence test described by Postgate [11] . Biomass from 57 cultures grown at 28ºC with 5 mM acetate and 0.5 g l -1 yeast extract was used for these analyses. 58 For physiological characterization, each test was performed in duplicate at 28ºC except for tests of growth 59 temperature. The basal medium containing 10 mM acetate and 0.5 g l -1 yeast extract was used unless 60 otherwise specified. Temperature range for growth was examined by incubation at 13 different temperatures 61 (13, 15, 18, 22, 25, 28, 32, 35, 37, 42, 45, 48 and 50 ºC). To determine the pH range for growth, basal 62 medium was buffered with 20 mM of MES or TAPS instead of NaHCO 3 . The pH of the medium was 63 adjusted with HCl or NaOH, and growth was tested at 10 different pH values (5.5, 5.8, 6.2, 6.5, 6.9, 7.3, 7.7, 64 8.3, 8.4 and 8.7). Range of NaCl concentrations for growth was tested at 6 different concentrations (0, 0.1, 65 0.6, 1.1, 2.1, 3.1 and 4.1 % [w/v]). Utilization of electron donors was tested in the media each containing one 66 of the substrates listed later, and evaluated by monitoring the sulfate reduction. Sulfate reduction was 67 evaluated based on production of sulfide quantified with the previously described method [12] . Ability for 68 autotrophic growth with H 2 -dependent sulfate reduction was assessed under a gas mixture (H 2 /N 2 /CO 2 , 69 50:40:10; 2 atm total pressure). Fermentative growth was tested with the media containing no sulfate. 70 Utilization of electron acceptors was tested using the sulfate-free basal media each containing one of the 71 substances listed later. 72 For phylogenetic analysis, genomic DNA of strain NAW-5
T was purified with a Wizard Genomic DNA 73 Purification Kit (Promega). The 16S rRNA gene fragments were amplified with primers 27f and 1492r [13] . 74 PCR amplification was carried out using Takara Ex Taq DNA polymerase (Takara), and PCR products were 75 directly sequenced by using a BigDye Terminator v3. Phylogenetic trees were reconstructed with the program MEGA version 7.0.20 [15] . 80 Cells of strain NAW-5
T were Gram-negative staining, motile and curved or slightly spiral-shaped rods (1.0 81 × 3-70 μm) (Fig. S1 ). The colony color of this strain was pale brown on the anaerobic agar tube containing 82 basal medium. Peritrichous flagella were observed (Fig S2) . Cells of this strain did not make clear swelling 83 sporangenium. Spherical terminal spores were observed. The G+C content of genomic DNA was 46.6 mol%. 84 Major cellular fatty acids were iso-C15:0 (52.8 %), iso-C17:0 (12.9 %) and cyclopropane-C17:0 (10.0 %). 85 The other fatty acids detected were C16:0 DMA (4.4 %), C16:0 (2.9 %), C16:0ω7c (2.1 %), iso-C15:0 DMA 86 (1.5 %), C18:0 (1.5 %), iso-C16:0 (1.3 %), C18:1ω7c (1.3%), aldehyde-C16:0 (0.5 %), C14:0 (0.5 %), 87 iso-C13:0 (0.3 %), C16:1ω7c DMA (0.3 %), summed features 3 (iso-C15:0 aldehyde; 1.1%) and 10 88 (C18:1ω7c; 0.5%). Menaquinone-7 (MK-7) was detected as the sole respiratory quinone. Desulfoviridin was 89
absent. 90
The growth temperature and pH ranges for growth were 18-48 ºC (optimum, 32-37 ºC), pH 5.8-8.4 91 (optimum, 6.2-7.3). The NaCl range for growth was 0-2.1 % (optimum, 0%). Under sulfate-reducing 92 conditions, the strain grew on the following substrates (mM, except where stated): acetate (10), formate (10), 93 lactate (10), fumarate (5), propionate (5), n-butyrate (5), iso-butyrate (5), pyruvate (5), ethanol (10), methanol 94 (5), yeast extract (0.5 g l -1 ) and benzoate (2). Addition of yeast extract greatly enhanced the growth on acetate, 95 but it was not required for growth on other substrates. Autotrophic growth with H 2 was observed. 96
Fermentative growth was observed with pyruvate (10), lactate (10) benzoate (5) and fumarate (5). Glucose 97 (10) could not support growth of the strain under sulfate-reducing conditions or fermentative conditions. In 98 the presence of 5 mM benzoate, the strain used sulfate (28), thiosulfate (10) and elemental sulfur as an 99 6 electron acceptor to support the growth, but not sulfite (5), nitrate (10) nitrite (5) and poorly crystalline Fe 100 (III) oxide (20). The characteristics of strain NAW-5 T are listed in Table 1 . 101
The 16S rRNA gene analysis revealed that strain NAW-5 T was member of the family 102 "Desulfotomaculaceae" [5] (Fig. 1) , although the strain had less than 89 % sequence similarity to any species 103 of this group. The closest cultivated relatives of strain NAW-5 T were sulfate-reducing bacterium 104 R-AcetonA170 (with 99 % of sequence similarity; the compared length was 1342 bp) [ Desulfotomaculum cluster Ig with 100% of bootstrap value support (Fig. 1) . 110 As shown in Tables 1, there In addition to the properties given in the description of the genus, the following properties are observed. Cells 127 are curved rod to vibroid with 1.0 μm in width and 3.0-4.0 μm and more in length. Motile, with peritrichous 128 flagella. Gram-stain-negative. The colony color is pale brown. Growth occurs at 18-48 ºC (optimum, 32-37 129 ºC), pH 5.8-8.4 (optimum, 6.2-7.3), and with 0-2.1 % NaCl (optimum, 0% 
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